Introduction
Non-inflammatory progressive corneal ectasia and thinning disease are among the most common abnormalities that refractive surgeons diagnose. Pellucid Marginal Degeneration (PMD) is another ectatic pathology that is rarely detected. PMD is a bilateral, noninflammatory, progressive peripheral inferior corneal thinning disorder (1, 2) . Diagnosis is based on the presence of corneal thinning with ectasia characterized by a peripheral band of thinning of the inferior cornea with 1 to 2 mm of normal cornea between this area and the limbus (2, 3) . The area of thinning typically is epithelialized, clear, avascular, and without lipid deposit. Like keratoconus, PMD is a bilateral progressive disorder although eyes may be asymmetrically affected. Topographic examination is very useful to differentiate this ectatic disorder. The topographic appearance shows a classical "butterfly" pattern that demonstrates large amounts of against-the-rule astigmatism as measured by simulated keratometry and inferior thinning. PMD can also be diagnosed by performing a pachymetric map of the entire cornea, as well as by elevation corneal maps using placido-ring-based videokeratoscopy technology (1) .
The etiology of PMD is not clear, and it is not known whether PMD, keratoconus and keratoglobus are distinct diseases or phenotypic variations of the same disorder (4) . PMD is usually asymptomatic except for progressive deterioration in uncorrected visual acuity caused by irregular astigmatism (5) . Slit-lamp examination shows a peripheral band of thinning with a protrusion ("beer-belly" contour) of the inferior cornea (6, 7, 8) . Topographically, this protrusion in the peripheral inferior cornea has high keratometry powers, radiating toward the center from the inferior oblique meridians, typically in the inferior peripheral cornea. There is an area of flattening in the center of the cornea (5) . In transmission electron microscopy of the cornea, abnormal fibrous long-spacing (FSL) collagen with a periodicity of 100 to 110 nm in PMD is revealed, which contrasts with 60 to 64 nm found in normal corneas (9) . A study reported in 2002 describes associations with
In the early stages, spectacles and contact lenses are the usual treatment approaches; however, in patients who cannot be rehabilitated with these options, a surgical procedure is necessary (10) . Different surgical options include crescentic wedge resection, crescentic lamellar keratoplasty, penetrating keratoplasty, epikeratophakia and thermokeratoplasty. However, all these techniques have disadvantages: unpredictability, irreversibility, long period of rehabilitation and significant complication rates (11) (12) (13) (14) (15) (16) . Authors suggest the use of intracorneal rings (ICR) in glasses/contact lens-intolerant patients affected by early and moderate PMD with against-the-rule astigmatism and inferior peripheral corneal thickness of >450 µm (10) . Since ICR mechanically lifts the inferior ectasia of PMD, flattens the soft ectatic corneal tissue, and decreases asymmetrical astigmatism, visual acuity is expected to improve following this procedure (17) . Intacs® works on the principle of tissue addition. Peripheral distention is directly proportional to the degree of central corneal flattening, and by an arcshortening effect it manages to change the shape and power of the central cornea in ectatic eyes without weakening the central or the paracentral cornea (17, 18) . The aspheric shape of the natural cornea reduces aberrations and minimizes refractive error fluctuations as the pupil changes its size, and therefore reduces visual disturbances such as glare and halos. It is important to observe that Intacs® maintains an aspheric cornea. After placement of ring segments, central cornea has been shown to maintain a prolate shape because Intacs® flattens the peripheral cornea more than the central cornea (19) . The major objective of corneal ring segment inserts is to reshape the abnormality by neither removing corneal tissue nor touching the central cornea (20) . Various reports have been published illustrating either the symmetrical (inserting two same-size segments) or the asymmetrical (inserting two different size segments) Intacs® implantation techniques for the management of PMD. Both these techniques have been independently shown to improve UCVA, BSCVA and topographic findings (9, 10) .
Intacs® are polymethylmethacrylate crescent-shaped segments with arc length of 150° and inner and outer diameters of 6.8 mm and 8.1 mm respectively. The ring segments are available in sizes ranging in thickness from 0.25 to 0.45 mm (Table 3 ).
Patients and methods
Symmetric ring segments were implanted in ten (10) eyes and asymmetric ring segments were implanted in nine (9) The election of using asymmetric and symmetric ring segments was based on spherical equivalent and was randomly chosen.
Besides the demographic details, key parameters evaluated during the preoperative and postoperative examination included: slitlamp microscopy, manifest refraction, spherical equivalent (SE), uncorrected visual acuity (UCVA), corneal pachymetry, tonometry, flat and steep keratometry readings and topography (Orbscan II). Postoperatively patients were evaluated at one month, three months, six months and one year.
Surgical procedure
Intacs® implantation was performed under topical anesthesia. After the patients were prepared through corneal hydration with balanced saline solution and sterile fields, the geometric center of the cornea was measured and marked. A radial 2 mm incision was performed in the steep corneal meridian with a diamond knife that was calibrated to 85% corneal depth. A vacuum centering guide -sloped shelf ring connected to a KV2000 vacuum system (Addition Technology® 155 Moffett Park Drive, Suite B-1 Sunnyvale, CA 94089-1330 U.S.A.) was positioned to stabilize the globe. Clockwise and counterclockwise stromal dissectors were introduced into the base of the incision to create stromal tunnels. Intacs® of selected thicknesses were placed in the stromal tunnels from each side of the incision. The incision site was closed with one interrupted 10-0 nylon suture. Post-operative medication included an antibiotic/steroid combination taken every six (6) hours for two (2) weeks. All procedures were uneventful and performed by the same surgeon, (LAR).
Statistical analysis
The two groups were analyzed for any bias with respect to age, size of segments, initial values of visual acuity, astigmatism, spherical equivalent, flat and steep keratometry readings. Both groups were found to be comparable.
Our study was descriptive and results were represented as averages and percentages (±standard deviations). Confidence intervals were set at 95%.
Paired t test was used to compare the two groups with respect to changes in the following parameters: visual acuity, astigmatism, spherical equivalent, keratometries (flat and steep readings). Visual acuity was expressed in log mar (Snellen equivalent). One-way Anova test was applied to compare the changes in values throughout time in both the symmetric and asymmetric groups. Bonferroni post test was applied in cases where the values were statistically significant. Any value of P less than or equal to 0.05 (P >0.05) was considered statistically significant.
Results
Preoperative values in asymmetric group: UCVA 1.00 (log mar); astigmatism: -4.00D; SE: -2.90D, K (flat) 43.09 D; K (steep) 47.02D. (Table 1) UCVA 0.85 (log mar); astigmatism: -4,50D; SE: -2.74D; K (flat) 43.03 D; K (steep) 47.05D. (Table 2 ) Tables 1 and 2 show an improvement in visual acuity, reduction in astigmatism, spherical equivalent and decrease in steep and flat keratometry post-op. The characteristics of the implanted segments were the following: The asymmetric group had an average age of 29.67  3.42 years, and the symmetric group had an average age of 34.5  3.42 years. The study showed a non-significant statistical difference between the groups (p=0.357).
Visual Acuity in the symmetric group was better than the asymmetric group. In order to compare the two groups and showed a non-significant statistical difference between the two groups (p=0.550). Figure 1 www.intechopen.com After comparing the groups with flat keratometry, a significant statistical difference was found (p=0.025). This variation was greater in the asymmetric group. Figure 5 In Figure 6 and 7 the evolution of visual acuity for the asymmetric and symmetric group can be seen. After applying one-way Anova, a significant statistical difference was evidenced (p<0.0001 and p=0.0003). We subsequently applied the Bonferroni multiple comparison test www.intechopen.com In Figure 8 and 9 the evolution of astigmatism for the asymmetric and symmetric group was shown. With the application of one-way Anova, a significant statistical difference was observed in asymmetric group (p=0.031) while no significant statistical difference was found postoperatively (p =0.074) in symmetric group. The Bonferroni multiple comparison test In Figure 12 the evolution of flat keratometry in the asymmetric group is graphed. After the application of one-way Anova, a significant statistical difference was evidenced (p=0.005). We then applied the Bonferroni multiple comparison test in order to compare all the postoperative time periods. The difference found was observed in the comparison between the initial with three months and the initial with six months. No difference was found upon comparing initial with one month, nor when comparing the various time periods after initial (one month, three months, and six months) respectively. No significant statistical difference was observed in symmetric group (p=0.543) figure 13.
In Figure 14 the variation in steep keratometry in the asymmetric group was observed. After applying one-way Anova, a significant statistical difference was observed (p=0.003). In addition we applied the Bonferroni multiple comparison test in order to compare each time period, and the only difference found was when comparing initial with one month.
In Figure 15 we observed the evolution of steep keratometry in the symmetric group. No significant statistical difference was found when one-way Anova was applied (p=0.080).
With respect to the variation in visual acuity (log mar), astigmastism and spherical equivcalent, when both groups were compared with the student's t test, no significant statistical difference was found between them (p=0.366; p=0.412; p=0.344 respectively). 
Results in asymmetric group
At the end of follow-up period (one year), mean UCVA was 0.22 log mar, ±0,04 (20/30) (95% IC=0.13-0.30). Statistically significant differences were noted throughout the follow-up period (p < 0.0001)
Astigmatism value at final follow-up was -2.11D ±0.39 (95% IC= -5.25 -0.55). P values at all of the postoperative follow-up periods were statistically significant (p=0.001). The maximum improvement in astigmatism was at three months postoperative.
Spherical equivalent mean value was -1.57D ± 0.62 (95% IC=-3.08-0.06). The changes in mean spherical equivalent during the follow-up period were statistically significant (p=0.030) with maximum improvement at one month postoperative.
Keratometry flat meridian was 40.79D±0.63 (95% IC= 39.33-42.25). All the changes in mean readings in flat keratometry were statistically significant (p=0.005). Maximum improvement was between three and six months postoperative.
Keratometry steep meridian was 44.51D±1.06 (95% IC= 42.07 -46.96). The changes in mean readings in steep keratometry were statistically significant (p=0.003) with maximum improvement at first month.
Results in symmetric group
Mean UCVA was 0.28 log mar, ±0.09 (20/40) (95% IC=0.09-0.48). Statistically significant differences were noted throughout the follow-up period (p < 0.0003) Astigmatism value at final follow-up was -3.30D ±0.54 (95% IC= -4.53 -2.07). At first year, the difference was not statistically significant (p=0.074).
Spherical equivalent mean values were -0.58D ± 0.40 (95% IC=-1.49 -0.33). The difference was statistically significant (p=0.020) with maximum improvement at six months postoperative.
Keratometry flat meridian value was 42.12D±0.50 (95% IC= 40.98-43.25). At first year, the difference was not statistically significant (p=0.543).
Keratometry steep meridian was 45.07D±0.48 (95% IC= 43.98 -46.15). At first year postoperative the difference was not statistically significant (p= 0.080).
Comparing results of both groups
Initial visual acuity values were not statistically different between both groups (p=0.550).
Astigmatism initial values were not statistically significant between both groups. (p=0.456).
Spherical equivalent values were not statistically significant between both groups (p=0.914). Keratometries (flat and steep) meridian initial values were not statistically significant between both groups (p=0.905 symmetric group), (p=0.972 asymmetric group).
UCVA was not statistically significant between the groups (p=0.366). The difference of final post-op values in astigmatism for the groups was not statistically significant. (p=0.412). The difference of spherical equivalent values at six months post-op between the groups was not statistically significant (p=0.344). The difference of keratometry flat values at six months post-op between the groups was significant (p=0.025) with a better result in the asymmetric group. Keratometry steep values at one year postoperatively in both groups were not statistically significant. (p=0.647).
Discussion
Pellucid marginal degeneration (PMD) is a disease with a complicated prognosis in patients who are intolerant to contact lenses (10) . Different procedures have been used to treat PMD with unpredictable results. Symmetric and asymmetric Intacs® segments are relatively new devices that reinforce the cornea through the arc-shortening effect of the corneal lamellae that produces flattening of the central cornea. The goal of using Intacs® for PMD is to reshape the cornea without removing tissue by lifting the inferior ectasia, flattening the soft ectatic corneal tissue and decreasing astigmatism. With this treatment, tissue and endothelium is maintained with the benefit that an additive surgical approach is used that adds rigidity and reinforces the ectatic cornea, flattening the central area, and positioning the optical zone in the center of the pupil. This procedure is also reversible. Mularoni et al. proposed a treatment with two asymmetric intracorneal segments in patients with intolerance to contact lenses and early and moderate PMD. Results were great improvement in UCVA, BSCVA and topographical findings (10). Colin J. and Malet F. implanted two symmetric Intacs® segments and followed the progress for two years post operatively obtaining favorable results. The findings in this study indicated that Intacs® segments are an effective long-term treatment for keratoconus and associated ectasia (21 (22) . Alió et al found that by implanting either one or two segments produced a similar effect in the reduction of the refractive cylinder and the keratometric readings (19) . Both methods have similar results especially when concerning the visual acuity.
In our study, we compared implanting two segments in an asymmetric group to implanting two segments in a symmetric group, with a slightly better result in UCVA in the asymmetric group. When we evaluated BCVA, UCVA, spherical equivalent, astigmatism and keratometric readings, the differences between preop and postop values in all parameters were significantly reduced in both groups with statistically significant differences.
We noted that when analyzing nomograms of the symmetric and asymmetric groups, there were no statistically significant differences when comparing the results of both procedures. This is mainly due to similar spherical equivalent and showed that both nomograms were effective. Both groups tolerated spectacles and contact lenses well after the procedures.
In the asymmetric group we implanted intracorneal segments that were thicker in the protrusion area and thinner in the flatter area, taking spherical equivalent into account. This could possibly have led to an overcorrection with the implantation of the thicker segment. When implanting thicker segments in the thinner protrusion area, great skill was used so as not to perforate the cornea or extrude the segment. In the symmetric group we implanted two same thickness segments, also dependent on spherical equivalent. In symmetric implantations there are more articles available that reported success in keratoconus and other ectasias. By implanting thinner segments in the protrusion area, undercorrection was a possibility. The advantage of implanting two segments was that corneal prolate is maintained.
